INTRODUCTION
Optimizing weight can improve outcomes for type 2 diabetes patients, especially those with hypertension and dyslipidemia;
1 most (85.2%) adults with diabetes are overweight or obese. 2 Weight loss in the overweight and obese reduces blood pressure, improves glucose control and blood lipids, and likely reduces mortality in patients with diabetes. 3, 4 Most information on weight change comes from crosssectional findings in the general population or from research cohorts who have limited weight measurements. [5] [6] [7] Less information is available from community settings that might reflect the commonly utilized strategies to manage weight in diabetes. Also, many observational studies of health outcomes from weight change have been plagued by confounding of low weight by disease burden and by the difficulty in separating intentional from unintentional weight loss. 8, 9 This study used data from electronic medical records to evaluate weight change and associated factors in the first year after diabetes diagnosis of otherwise healthy patients. In particular, we aimed to identify the extent to which weight loss is achieved and the associated patient or treatment factors that should be considered by practitioners in new-onset diabetes. The findings may assist in community application of weight-loss strategies.
METHODS
The study was approved by the study site's Institutional Review Board.
Study Site and Data Sources
The study was conducted at Kaiser Permanente Northwest (KPNW), a not-for-profit group-model health maintenance organization (HMO) in Oregon and Washington with about 485,000 members from urban and rural settings and 1,200 physicians and allied clinicians. KPNW has electronic medical records (since 1996), with databases linked through each member's unique health record number. The databases cap-ture over 95% of the medical care and pharmacy services members receive, 10 including weight at most visits, height, smoking status, diagnoses, procedures, medications, and laboratory results. A registry of members with diabetes is derived from data on drug dispensings, diagnoses, and laboratory results. The registry has been shown to be 99.5% specific, and sensitivity is estimated at 99%. 11 Registrants mirror the national population of persons with diagnosed diabetes. 11 The KPNW clinical guideline for the care of diabetes was consistent with American Diabetes Association (ADA) guidelines 1 during the study period. KPNW recommends lifestyle management for all diabetes patients, and a stepped-care approach to the use of medication for obtaining optimal glycemic and other risk factor control. Generally, newly diagnosed patients are referred to diabetes classes and about 75% attend. Fewer than 10% attend weight-loss classes. Visits to a nutritionist are covered if the patient is referred by a clinician. Weight-related health education classes are available for a fee. We included only those who had a baseline weight measurement and at least three weight measurements in the 15 months after diagnosis; the final weight had to occur between 6 and 15 months post-index (n=5,868). Of those excluded due to height and weight requirements, 15.9% were missing heights and 84.1% weights (33.9% no baseline, followup: 10.9% none, 32.1% one, 7.2% two). Those excluded were younger (54.6 vs. 56.3; p<0.001) and more likely to be male (59.6% vs. 46.9%; p<0.001).
Study Design and Participants
We excluded 1,150 patients with a severe illness or condition associated with unintentional weight change in the 12 months pre-period or during trajectory: 60.0% with cancer, 14.0% on home oxygen, 12.0% with a pregnancy, and 14.0% with any of the following: HIV, nutritional deficiency, amputation, bariatric surgery, dialysis, hospice, BMI<20, or care facility with length of stay >30 days (n=4,718). We limited the population to those with type 2 diabetes, excluding 583 with type 1 diabetes (final n=4,135).
Study Variables
The primary outcome was weight in pounds. All available weight measurements (expected to be measured at all visits in indoor clothing without shoes) were included to create a 12-month weight trajectory for each patient (see Statistical Analysis below). We defined the 12-month weight as the weight closest to 12 months that fell between 9 months and 15 months.
We evaluated demographic, medical condition, and medication use variables based upon their known or suspected association with weight or weight change. [12] [13] [14] [15] Demographic covariates included age at index date; gender; whether or not the individual was in a "race-risk" group, defined as membership in a racial group at higher risk for obesity (Black, Hispanic, Native American, and Pacific Islander, combined); and family income <$40,000 per year. Race at the individual level was available in KPNW databases on 73% of patients; missing race data and family income were assigned using census tract block data that corresponded with each participant's mailing address. We also included baseline body mass index (BMI) (weight in kilograms divided by height in meters squared), using the weight in the pre-period closest to the index date, and any height. BMI was stratified, and we determined the presence or absence of obesity (BMI>30). We assessed whether the patient was a current smoker using the pre-period record closest to the index date.
We determined for the pre-period the mean number of unique medications the patient was dispensed as a measure of disease burden 16 and the presence or absence of certain diagnoses, using ICD-9 diagnosis codes (Appendix): depression, hypertension, dyslipidemia, cardiovascular disease (excluding congestive heart failure), microvascular disease, and several non-cardiovascular conditions that could interfere with activity [asthma, chronic obstructive pulmonary disease (COPD), and arthritis).
Patients were categorized into four mutually exclusive categories of interest according to their diabetes medication use during the 12-month weight trajectory measurement period: "sulfonylureas" (SU) for those who had been dispensed >30 days of sulfonylureas (but not metformin); "metformin" for those dispensed >30 days of metformin (but not sulfonylureas); "SU and metformin" for those dispensed >30 days of both; "no DM (diabetes) medication" for those who had under 30 days of use or were not dispensed any diabetes medications. We assessed the use of insulin (any) and other diabetes medications (>30 days), the presence or absence of visit/s to a nutritionist, the number of visits to an endocrinologist and to primary care (internal medicine of family practice), and whether or not the patient quit smoking during the trajectory period based on any recorded documentation of "quitting" during the 12 months.
We assessed glycemic control among those who had at least one glycosylated hemoglobin (HbA 1c ) measurement after the index date during the 12-month trajectory period. Over 90% (3,741/4,135; 90.5%) had at least one measurement. We determined the mean HbA 1c based upon all available measures during the trajectory. We determined whether or not the mean HbA 1c was above goal (>7%) and the mean HbA 1c stratum. For the 2,413 (58.4%) who had an HbA 1c both in the 3-month window around diagnosis and at 12 months, we ascertained HbA 1c change.
Statistical Analysis
To analyze weight change over time, individual weight trajectories were estimated using growth curve analyses (also called multilevel modeling) with HLM 6.0. Time formed the first level of the model, with weight as the dependent variable. Linear and quadratic models were estimated to determine the best fit to the data. The intercept and slope parameters that describe each person's weight trajectory were then entered into a hierarchical cluster analysis with Ward's Method in SPSS 15.0 to identify groups of patients with similar weight trajectory patterns. Once groups of individuals with similar weight trajectories were identified, analysis of variance (ANOVA) and chi-square tests were used to compare the groups. To better understand differences between those on a weight-loss trajectory and those on a weight-gain trajectory, multiple logistic regression was used, including age, gender, obesity, race, income, smoking (current; quit), number of medications, depression, dyslipidemia, SU, metformin, SU + metformin, nutrition visits, and HbA 1c . We considered p<0.05 to be statistically significant.
RESULTS
The figure reveals the four weight trajectory clusters. The "higher stable weight" group (n=757; 18.3%) had a small weight loss (5.6 lb; 2.0% loss at 8 months) followed by a regain. The "lower stable weight" group (n=2,236; 54.1%) had a small weight loss (4.0 lb; 2.1% loss at 8 months) followed by a regain. The "weight-gain" group (n=664; 16.0%) had a weight gain (8.2 lb; 3.5% gain at 8 months) followed by a small loss. The "weight-loss" group (n= 478; 11.6%) had a clinically important 3, 4 weight loss (27.0 lb; 11.5% loss at 8 months)
followed by a small regain. All percentage changes were significant at p<0.001 ( Fig. 1) . Table 1 compares baseline characteristics among the four weight trajectory groups. The four groups were significantly different with respect to age, gender, baseline weight and BMI, race, income, smoking, number of medications, and diagnosed depression, hypertension, dyslipidemia, and combined asthma/COPD/arthritis. Note the significantly different BMI distribution between the weight-gain and weight-loss groups, even though they had similar mean baseline weights. Black diamonds = higher stable weight, n=757; gray square = lower stable weight, n=2,236; black triangle = weight gain, n=664; black small letter "x" = weight loss, n=478. *%Δ -Percentage change from baseline. †Comparison of weight-gain compared to weight-loss groups also significant at p<0.05 ‡BMI = body mass index §Defined as Black/Hispanic/American Indian/Pacific Islander ║CVD = cardiovascular disease, CHF = congestive heart failure ¶Combined non-cardiovascular diagnoses that may interfere with activity; chronic obstructive pulmonary disease (COPD) Table 2 compares diabetes medications and other factors among the four weight trajectory groups. The most striking differences were between the weight-gain group and the weight-loss group. The weight-gain group had higher frequencies than the weight-loss group of taking an SU alone (39.2% vs. 19.9%, p-value <0.001) or in combination with metformin (16.6% vs. 4.0%, p-value <0.001). The weight-loss group had higher frequencies than the weight-gain group of taking metformin without an SU (19.3% vs. 7.7%, p-value <0.001) or no diabetes medication (56.5% vs. 36.3%, p-value <0.001).
Few patients were using other diabetes medications. The weight-loss group had higher frequencies of one or more visits to a nutritionist (23.0% vs. 16.7%, p-value = 0.008), but a lower mean number of visits to primary care. The weight loss group had lower frequencies than the weight-gain group of having quit smoking during the trajectory period (1.9% vs. 4.8%, p-value = 0.009). Table 3 compares glycemic control among the four weight trajectory groups. Compared with the other groups and especially the weight-gain group, being in the weight-loss 
DISCUSSION
Contrary to commonly held beliefs, 17 we found that a small but substantial group (11.6%) of type 2 diabetes patients could achieve a mean weight loss of more than 10%, an amount that has been thought to define an optimal clinically significant threshold. 17 Importantly, after multivariable adjustment, weight loss was strongly associated with better glycemic control when compared to weight gain. Because the microvascular and probable macrovascular benefits of good glycemic control are no longer in doubt, 18 and because diabetes requires ongoing therapy intensification to achieve glycemic control, 19 the importance of weight loss as a therapeutic approach cannot be overemphasized.
As is typical of most community practices, 17 the study HMO does not direct as many resources to weight loss as it does to other aspects of diabetes care. Thus, community practitioners should be encouraged by the fact that some patients can achieve weight loss with minimal intervention. Because weight loss can reverse hyperglycemia and other cardiovascular disease risk factors, 20,21 more effort is needed to manage weight trajectories in diabetes patients. Several other findings may be useful for practitioners to consider when treating new-onset diabetes. Nutritionist visits nearly doubled the odds of being in the weight-loss group and should be seriously considered by practitioners. Men, younger individuals, African American, Native American, Pacific Islander, or Hispanic patients, and those who were sicker or who had depression or dyslipidemia were more likely to be in the weight-gain (vs. -loss) group. Such individuals may benefit from more intensive and culturally sensitive support for weight loss.
Most patients who initiated an anti-hyperglycemic agent received an SU. Currently, ADA guidelines 1 recommend metformin as the first-line oral agent, in large part because it is at least weight neutral and may cause weight loss. Our data provide further support (consistent with prior research [22] [23] [24] that the use of SUs in the 1st year after diabetes diagnosis should be avoided (when appropriate) if weight is a concern. Patients who initially successfully lost weight appear to need additional support to maintain weight loss, because regain was the norm. Among all the weight trajectory groups except the weight-gain group, the weight change pattern included weight loss until about 8 months and then a weight regain. This suggests that the first 4-6 months after diabetes diagnosis may be critical for selecting and applying the optimal intensity of weight-loss treatments. These data support the urgent need for successful weight-loss maintenance programs, a current subject of active research. 25 Several smaller observational studies using research cohorts evaluated a limited number of factors for their association with weight change in diabetes. [5] [6] [7] In one study, 711 diabetes patients in a community-based practice participating in a diabetes clinical trial in Denmark experienced weight loss until about 5 months, whereupon weight stabilized or increased. 5 Women were more likely than men to lose weight, and patients using insulin were more likely to gain weight. A study of 205 diabetes clinic attendees found a mean increase in body weight of 0.23 kg a year over 9 years. 6 Another found that BMI trajectories among all adults depended predominantly on age and baseline BMI and that the rate of change in BMI was inversely proportional to baseline BMI. 7 In our diabetes patient analyses, we did not find that the presence or absence of baseline obesity was significantly different between the weight-loss and weight-gain groups when controlling for confounders. Our study has limitations. Only about half of diabetes patients met our height and weight criteria to be included. Our observational data were collected in the course of routine The study was strengthened, however, by our access to many measures on a large group of community-based new-onset diabetes patients. The study was conducted at one HMO with relatively highquality diabetes care, 11 so the findings may not be generalizable to other health-care settings or communities. The site did include patients from a large number of clinician practices in two states, however. Because patients were in the diabetes registry partially based on laboratory criteria, we cannot guarantee that all patients were aware they had diabetes, which might have increased their likelihood of attempting and being successful at losing weight. We evaluated factors associated with weight trajectories. Such association does not establish causation. For example, in assessing glycemic control, although we were able to control for many factors that might distinguish those in the weightloss group from those in the weight-gain group, these groups may have been different in ways that we could not measure. For example, we tried to exclude participants with conditions that might lead to unintentional weight loss, but patients might have had undiagnosed or subclinical conditions.
Another concern is the lack of knowledge regarding temporal sequence: did those who gained weight do so because of higher HbA 1c (due to physiologic differences in their diabetes), or did they have poor HbA 1c control because of increased weight?
We did not evaluate many clinician and patient practices that may be important to weight change, such as clinician counseling and patient use of community weight-loss services, or the reasons and temporal changes for clinician selection of one therapeutic alternative versus another. Also, although we evaluated glycemic control, we did not evaluate the association between the various trajectories and other important outcomes, such as morbidity and mortality. These areas should be the focus of future research.
We found that a sizable group of new diabetes patients can achieve more favorable weight trajectories using common community practices, and we conclude that many more patients could benefit from weight loss and maintenance. Patients with certain characteristics may need more support for weight loss and maintenance, and health-care providers should be aware of and responsive to this subgroup. Future research should focus on improved implementation methods for diverse patients. 
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